1 24 BIOCHEMICAL SOCIETY TRANSACTIONS microscopy of negatively stained preparations. Apart from the Vinca alkaloids, which prevented microtubule assembly, only melatonin (0.5-1 m~) gave a consistent effect: the compound induced the appearance of 'curly' regions in otherwise 'normal' microtubules.
There is much evidence that lipid peroxidation is a damaging reaction in biological systems (Barber & Bernheim, 1967) , particularly inmembranes with a high proportion of polyunsaturated fatty acids as in mitochondria where it affects the integrity of the organelle resulting in swelling (Hunter et al., 1964; Fortney & Lynn, 1964) . Peroxidation of polyunsaturated fatty acids can occur readily and under suitable conditions the proportion of polyunsaturated fatty acids in membranes would determine the extent of peroxidation and the subsequent formation of lipid hydroperoxide breakdown products such as malondialdehyde. Malondialdehyde is known to interact with mitochondria resulting in changes in membrane properties (Horton & Packer, 1970) .
Malondialdehyde may be measured spectrophotometrically after reaction with 2-thiobarbituric acid and although this reagent reacts with other substances, e.g. glyoxylic acid, some aliphatic aldehydes and also some sugars (Wilbur et al., 1949) , interference by these substances in mitochondria is unlikely (Hunter et a[., 1964) .
By using female Wistar rats of different ages, we have investigated lipid peroxidation by means of the thiobarbituric acid reaction in both freshly isolated liver mitochondria and mitochondria treated with ascorbate. The animals were allowed food (Oxoid Pasteurised Breeding Diet) and water ad libitum. Liver mitochondria were isolated by a modification of the method of Chappell & Hansford (1969) in which the isolation medium contained 0.25~-sorbitol and 5m~-Hepes* adjusted to pH7.6 with 1 M-NaOH. Sorbitol was selected because unlike sucrose it does not interfere in the thiobarbituric acid reaction. Protein concentration was measured by a biuret method.
Within 1 h of the final resuspension of the mitochondria, the content of thiobarbituric acid-reactable material was measured in two samples of mitochondria by the method of Ottolenghi (1959) . The absorbance of the protein-free reaction product of thiobarbituric acid and carbonyl compounds, formed from the breakdown of lipid hydroperoxides, was recorded from 450 to 620nm in a Pye Unicam SP. 1800 spectrophotometer, with appropriate reagent references, in the manner of Stocks & Dormandy (1971) . To peroxidize polyunsaturated fatty acids, samples (1 mg of protein) of the freshly isolated mitochondria were aerobically incubated in 25 mM-NaH,PO, with 1 mM-L-ascorbic acid adjusted to pH7.0 with 1 M-NaOH, in a final volume of 2.5ml. Duplicate incubations were carried out at 38°C with vigorous shaking for 90min, before performing the thiobarbituric acid reaction.
* Abbreviation: Hepes, N-(2-hydroxyethylpiperazin-N'-yl)ethanesulphonic acid.
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Although thiobarbituric acid reacts with many substances, Patton & Kurtz (1951) have established that the malondialdehyde-thiobarbituric acid complex is responsible for the absorbance at 532nm in thiobarbituric acid assays of oxidized fats. The malondialdehyde content of the mitochondrial samples was calculated by using E = 1 . 5 6~ lo5 litre.mol-l-cm-l at 532nm as determined by Sinnhuber & Yu (1958) . The amounts of malondialdehyde in freshly isolated and ascorbate-peroxidized mitochondria from animals of different ages are shown in Table 1 .
These data show that the peroxidation potential increases about 2.3 times with an increase in age from 3 to 24 months, whereas by contrast, the peroxidation measured in freshly isolated mitochondria is small and falls with age from 6 months onwards. The large increase in peroxidation potential perhaps suggests an age-related increase in the degree of polyunsaturation of the mitochondrial lipids.
Mitochondria1 lipids, extracted under an atmosphere of argon as described by Lapetina & Michell (1972) , were assayed for the degree of unsaturation by an iodometric titration by using the pyridine dibromide method of Yasuda (1931) (see Table 2 ). Measurement of the cholesterol content of the mitochondria by the method of Crawford (1958) , showed that cholesterol contributed less than 1 % of the double bonds measured in the iodometric titration. Little change was noted in the cholestero1:protein ratio of the mitochondria with age of the animals.
The total degree of unsaturation of mitochondrial lipids is seen to fall in the3-12-month-old rats and then rises in the 12-24-month-old animals, but as reported in Table  1 , the peroxidation potential rises continuously with age. These two observations may be Death within the colony is observed only in animals in excess of 24 months of age. About four-fifths of the animals survive to at least 26 months of age. Thus the observed trends are not due to survival factors in individual animals since the trends are established before death in the population is observed. There is considerable evidence to suggest that there are mitochondrial changes in aging and in tumours (Tauchi et al., 1964; Chen et al., 1972; Menzies &Gold, 1972; Tribe & Ashurst, 1972; Siliprandi et al., 1973; Bernhard, 1969; Frolkis & Bogatskaya, 1968; Glew et al., 1973; Martin et al., 1974; Wilson, 1972 Wilson, , 1973 , but there are few detailed studies. In this paper we describe age-associated changes in mitochondrial ultrastructure in the mouse liver in our colony of aging mice, and compare the cytochemical localization of cytochrome c oxidase (an inner-membrane enzyme) and malate dehydrogenase (a matrix enzyme). We also point out some problems in the interpretation of data obtained from mitochondria isolated from the livers of young and old mice.
In the parenchymal cells of the livers of young mice, the mitochondria were small and the majority were elongated and rod-like, with long, regularly arranged cristae and dense homogeneous matrix. This is the 'classical' mitochondrial structure. In old mice the liver-cell mitochondria were enlarged and rounded with a light 'foamy' vacuolated matrix. Quantitative studies showed a significant increase in the mean size and an increased proportion of larger mitochondria in intact 30-month-old perfused livers. Endothelial and Kupffer cell mitochondria were smaller than those of the parenchymal cells and had a characteristic cristal pattern. The mitochondria in these cells showed similar age-associated changes.
The age-associated changes did not affect all cells or all mitochondria in a single cell to the same extent. In some cells, apparently severely affected and apparently normal mitochondria could be found side by side. The isolated mitochondrial fractions were prepared by a modification of the method of Schneider (Falcone & Hadler, 1968) . They were relatively pure, consisting of mitochondria with some glycogen contamination. There was little if any difference in the structure
